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SPECIFICATION 

Improvements in integrated circuits 

This invention relates to integrated circuits, 
and in parti cular to t he provisi on of pc jy_sjli£QD 
co nductors'on sucFTarcurtsI 

P olycrystailine silicon, or polysilicon, is fre- 
Q u - en iiyj^SL' n the fabrication of conduc tive^ 
regions^ e'.g. gates and i nterconnection^j tracks^ 
.c^jnte^rjii^^ use, particularly in 

high frequency" applications, is however limited 
by the relatively high resistivity of the material. 
Attempts have been made to overcome this 
problem by doping the polysilicon typically 
with phosphorus, arsenic or boron. It is then 
necessary to anneal the material to diffuse the 
dopant thereby achieving the desired low re- 
sistivity. 

It has been found that, u sing conv entional 
furnac e annealing" techniq ues, much ot the do- 
pant is trappedTrTThe grain boundaries of the 
poIysTlIcbTran^T^ x 
"mo reT ciu ifin g~ t Fie a n n ealln g proc e s s , ^djstribu- ^\ 
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25 t i o rTof t he do pa n t sj n ^u n de r ly i n g act i ve ji rea§. 
can occur . This js jrteady ^ 
ble when_the circuit comp rises small deyjces„ 
atJTnT gJh integration [_densjty_. 
The object of the present invention is to 

30 minimise or to overcome this disadvantage. 
According to one aspect of the invention 
there is provided a process for forming a 
doped polysilicon pattern on an integrated cir- 
cuit, the process including providing the doped 

35 pattern on the circuit, and pulse heating the 
assembly to a temperature at which redistribu- 
tion of the dopant in the polysilicon is ef- 
fected whereby the resistivity of the doped 
polysilicon is reduced. 

40 According to another aspect^ of t he inven- 
tion therejs provided a process for forming a 
doped polysilicon conductive layer on an inte- 
grated circuit, the process including providing 
a doped amorphous silicon layer on s aid cir- 

4 5 cujt,jmn ^ at a temperature of 

500 to 900°C for a sufficient ti me to rec rys- 
tllli^th^ajiio 
PidysffipQCU . 3JH P uj se heating _.t he_„cjrc_u, LL to, 

1000"^ 

50 yyK^by^the jesjstivrty ojLl^®^9l^?j''!Pi )n is 
reduced. 

As the high temperature excursion requires 
only a short period of time the risk of dopant 
redistribution in the circuit is substantially 
55 eliminated. 

An embodiment of the invention will now 
be described with reference to the accom- 
panying drawings in which 

Figure 7 is a cross-sectional view of an inte- 
60 grated circuit provided with a silicon conduc- 
tor pattern, and 

Figure 2 illustrates the relationship between 
doped polysilicon sheet resistance and anneal 
time. 

65 Referring to the Fig. 1, a semiconductor 



substrate 1 1 incorporating a plurality of active 
devices (not shown) is provided with an insu- 
lating layer 12 of a refractory material, e.g. 
silica or silicon nitride. The insulating layer is 
70 in turn coated with a patterned layer 13 of 
doped polycrystailine silicon. Typically the as- 
sembly comprises a merged technology circuit 
in which a number of both CMOS and bipolar 
Ilf devices are provided on a common substrate. 
75 The polysilicon layer 13 may thus provide an 
interconnection pattern, the CMOS gates, and 
bipolar polysilicon emitters. Such a structure is 
described in our copending UK application No. 
8507624. The resistivity of the polysilicon 13 
80 is reduced by effecting recitivation of the do- 
pant. This is performed by pulse heating the 
assembly to a temperature at which reactiva- 
tion occurs. As this thermal treatment is rela- 
tively short there is no significant effect on 
85 circuit devices formed in the substrate 1 1 . 
jn a typical process an integrated circ ui t is 
provide d with a doped polysilicon conductor 

paSSgLteigied . f com. . ^,^mQm\mj^ MQ D. 

~ '5y.e r,_§u.ch.. a^Jayer^may^ be^dejjosited by 
90 LPCVD (low pressure chemical vapour depo si- 
tJSP)' PE C V D ( p I a s i m a~en fi ajic egfch e m icaT y ah""" 
pour d'epositionj^pr reactive, sputtering, the 
amorphous silicon is doped, e. g. with phos- 
prTbru sT jirsenTc or bo ro n . Do ping ca n be ef - ; 
9 5 5^ teSj^rri ijca 1 1 f Y_du.[i Qg jgro wth jo r^ sjubse- 

^5? P.t 'X PJL J 5? P. J m . iP.lfnt? J] op ■ T6 e - a s&e mb fy, js- 
then heated to i__ a i temp eraium^oLS QQLto 
1000°C to^recrystaJMsjM^ 
polysWcoh /Arffie relatively low temperatures 
100 e mployed to effect this recrystallisation sub- 
stan tially no dopant redistribution occurs in 
the i nteqrated circuit,. Typically the dopant 
comprises 0.3 to 3 At % of the amorphous 
silicon. 

105 During this recrystallisation of the amor- 
phous silicon most of the dopants are trapped 
in non-substitutional sites in the growing crys- 
tals and are thus electrically inactive. The do- 
pant is fully activated by a short high temper- 
ature excursion to e.g. 1000 to 1110°C for 
0.5 to 5 seconds in a transient annealing 
apparatus. We have found that the use of 
transient annealing to activate the dopants 
minimises segregation to grain boundaries and 
115 thus provides a high dopant activity and a low 
resistivity. Typically the final resistivity is from 
2 to 15 m ohm cm. 

Masking and etching of the silicon layer to 
define the desired conductor pattern may be 
120 performed at a convenient stage in the pro- 
cess. Typically, etching is effected after crys- 
tallisation but before dopant activation. 

In an alternaive process the silicon layer 13 
may be deposited as a doped or undoped 
125 material in polycrystailine form, thus obviating 
the recrystallisation step in the process. 
Where undoped material is used, doping may 
be effected by ion implantation, 
jj ia typical example we have formed in „siiu_ 
130 phosphorus~3oped amorphous silicon films 
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containing 0.3 At % of dopant. These were 
found to have a resistivity of 25 m ohm cm. 
The films were annealed at 850°C for 50 min- 
utes to recrystallise the silicon and then had a 
5 measured resistivity of 20 m ohm cm. Pulse 
annealing of the films for 1 second at 1 100°C 
using incoherent radiation provided a final re- 
sistivity of 14 m ohm cm. Similarly treated 
films containing 2.5 At % phosphorous had a 

10 measured resistivity of 6.2 m ohm cm after 
annealing for 1 second at 1000°C compared 
wifth 30 m ohm cm prior to recrystallisation. 

The relationship between annealing time and 
sheet resistance is illustrated in Fig. 2 of the 

15 accompanying drawings. Measurements have 
been made on four silicon films each of 
4300A (430nm) thickness. In each case the 
material was implanted with arsenic at 40 keV 
with a dose of 1.5E16 cm 2 followed by a 

20 preliminary drive in at 900°C. The final sheet 
resistances observed correspond to resistivi- 
ties in the range 2.4 to 3.65 m ohm cm. 

The use of transient annealing for dopant 
activation together with low regrowth temper- 

25 atures is particularly suited to the low temper- 
ature process requirements for advanced 
CMOS and bipolar circuits. It is not however 
limited to these particular processes and has 
general semiconductor application. 

30 

CLAIMS 

1. A process for forming a doped polysili- 
con pattern on an integrated circuit, the pro- 
cess including providing the doped pattern on 
35 the circuit, and pulse heating the assembly to 
a temperature at which redistribution of the 
dopant in the polysilicon is effected whereby 
the resistivity of the doped polysilicon is re- 
duced. 

40 2. A process for forming a doped polysili- 
con conductive layer on an integrated circuit, 
the process including providing a doped amor- 
phous silicon layer on said circuit, annealing 
the circuit at a temperature of 500 to 900°C 

45 for a sufficient time to recrystallise the amor- 
phous silicon to form doped polysilicon, and 
pulse heating the circuit to 1000 to 1 1 10°C 
thereby activating the dopant whereby the re- 
sistivity of the polysilicon is reduced. 

50 3. A process as claimed in claim 1 or 2, 
wherein the dopant is phosphorus arsenic or 
boron. 

4. A process as claimed in claim 1, 2 or 
3, wherein the dopant comprises 0.3 to 3 At 

55 % of the amorphous silicon. 

5. A process as claimed in claim 1, 2, 3 
or 4, wherein the dopant is introduced by ion 
implantation into the amorphous silicon layer. 

6. A process as claimed in any one of 
60 claims 1 to 5, wherein the resistivity of the 

polysilicon conductive layer is from 2 to 15 m 
ohm cm. 

7. A process as claimed in any one of 
claims 1 to 6, wherein the circuit is pulse 

65 heated for 0.5 to 5 seconds. 



8. A process as claimed in any one of 
claims 1 to 7, wherein said circuit incorpor- 
ates b th CMOS and bipolar devices. 

9. A process as claimed in claim 8, 

70 wherein the doped polysilicon layer provides 
the gates of the CMOS devices, the emitters 
of the bipolar devices and an interconnect pat- 
tern. 

10. A process for forming a doped polysil- 
75 icon layer on an integrated circuit, which pro- 
cess is substantially as described herein with 
reference to and as shown in the accompany- 
ing drawings. 

11. An integrated circuit fabricated via a 
80 process as claimed in any one of claims 1 to 

10. 
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